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ABSTRACT 


The  rate  of  solution  of  Np  in  liquid  NpO^,  waf  measured  in  terms  of 
the  change  of  pressure  with  time  at  5.  1  and  7.  6%  ullage  at  20 and  at  6.  6% 
ullage  at  0°C.  The  pressure  decay  was  slower  with  increasing  ullage  and 
increasing  temperature  because  of  the  relative  masses  of  gas  and  liquid  and 
the  diffusional  barrier  near  the  interphase  1:  oth  in  the  gas  av.ci  in  the  liquid. 
The  rate  of  solution  follows  first-order  reversible  reaction  rate  after  40  min. 


I.  INTRODUCTION 


The  rates  of  solution  of  pressurization  C" '-s  liquid  N_,04  are 
imprrtzr*  nir.g  p*-  psilor.*  tank  pre»*tir<>«  in  ~  -veral  aas  pressur¬ 

ised  propulsion  systems.  Because  N.^  is  one  of  the  most  commonly  used 
pressurization  gases,  an  investigation  on  the  rate  of  solution  of  in  liquid 

N_0.  was  undertaken. 

2  4 

Tht  rate  of  solution  of  N^,  in  liquid  N_,C>4  was  measured  at  5.  1  and 
7,  6%  ullage  at  20“C  to  observe  the  effect  of  ullage  on  the  pressure  decay. 

In  addition,  the  rate  at  O’C  and  6.  6%  ullage  was  measured  to  obtain  the  effect 
of  temperature  on  the  pressure  deci.y. 


IT.  APPARATUS 


The  main  apparatus  used  in  this  investigation  was  the  gas  solubility 
apparatus  described  in  Ref.  1.  Two  new  components  were  specially  designed 
to  contain  in  a  constant  volume  when  the  pressure  is  measured.  The 

first  component  was  the  cylindrical  container,  which  has  a  capacity  of  97  ml. 
Its  dimensions  are  40-mm  diam  and  95 -mm  high,  which  approximates  the 
scaled-down  dimensions  of  a  typical  propellant  tank.  The  second  component 
was  a  connector  that  has  a  small,  8~mm  long,  levelling  manometer  and  a 
three-way  stopcock,  both  made  of  pyrex,  2 -mm  diam.  The  connector  was 
fitted  on  the  container  with  a  ball  and  socket  joint  sealed  with  a  Teflon  O-ring. 
The  connector  joined  the  container  to  the  main  apparatus  cither  directly,  to 
admit  gas,  or  indirectly  by  the  leveling  manometer  to  measure  pressure. 

The  mercury  was  maincained  at  a  constant  level  in  the  manometer  by  adjust¬ 
ing  the  pressure  in  the  main  apparatus.  The  volumes  of  the  connector  and 
the  container  were  calibrated  by  using  mercury  and  water,  respectively. 


III.  EXPERIMENTAL  PROCEDURE 


The  experimental  procedure  for  measuring  the  rate  of  solution  was  as 
follow*.  The  connector  and  the  container  were  assembled,  evacuated,  and 
weighed  on  an  analytical  balance  to  obtain  the  tare  weight.  The  desired 
amount  ot  commercially  avaii&bie  a  M  ^  ’O  ^  ^  ‘/tt  purity  naw  iiilU 

distilled  into  the  container  as  described  in  Ref,  Z.  The  container  was 
weighed  agp;*’  to  determine  the  amount  of  **  wa8  connected  to  the  main 

dapparatu  i  and  then  placed  into  a  thermostated  bath.  The  solubility  apparatus 
wa*  first  evacuated,  then  pressurized  with  N^.  The  two-way  stopcock  above 
the  container  was  opened  to  allow  pressurization  of  the  liquid  N,,0^  ^Y  to 
the  desired  initial  pressure.  Then,  the  three-way  stopcock  was  turned 
immediately  so  that  it  was  closed  to  the  solubility  apparatus  and  opened  to 
the  small  levying  manometer.  The  time-vs-pressure  readings  were  taken 
at  suitable  intervals.  The  pressure  readings  were  obtained  by  leveling  the 
mercury  in  the  small  manometer  and  observing,  at  the  same  time,  the 
difference  in  height  of  the  Hg  levels  in  the  large  manometer  of  the  main 
apparatus.  The  pressure  readings  were  taken  every  10  to  15  min  for  the 
first  hour  and  every  30  min  for  the  subsequent  3  or  4  h.  At  the  end  of  a 
run,  the  was  stirred  vigorously  for  about  10  min;  then  the  final  pressure 

reading  corresponding  to  infinite  tim»  was  observed. 

The  ullage  consisted  of  the  volume  above  the  liquid  and  the  volumes  of 
stopcocks  and  connecting  tubes.  The  ullage  was  kept  c<  nstant  during  each 
experiment  by  adjusting  the  Hg  levels  in  the  small  manometer. 


IV.  RESULTS  AND  CONCLUSIONS 


The  pressure  decay  or  the  rate  of  solution  of  in  liquid  N^O^  was 
obtained  from  the  resulting  data.  The  results  for  the  rate  of  solution  of  N~ 
in  liquid  for  5.  1  and  7.  6%  ullage  at  20°C  are  presented  in  Fig.  1,  which 

shows  the  effect  of  ullage  on  the  press’”'*'  The  results  at  0" C  and 

6.  6%  ullage  presented  in  the  same  figure  show  the  effect  of  temperature.  It 
was  found  that  the  greater  ullage  the  slower  the  pressure  decay  and  that  the 
lower  temperature  the  faster  the  pressure  decay.  Because  the  partial 
pressure  of  gaseous  (NO?  +  N^O^)  is  smaller  at  lower  temperatures,  it 
presents  a  lower  gas -phase  barrier  for  the  solution  of  in  liquid. 

The  pressure  decay  does  not  fit  a  reasonable  reaction  rate,  although  it 
appears  to  follow  a  first-order  reversible  reaction  rate  after  40  min.  It  is 
believed  that  the  rate  is  both  gas-  and  liquid-phase  diffusion  controlled.  The 
experimental  results  substantiate  that  the  gas-phase  concentration  gradient 
is  indeed  diffusion  controlled;  otherwise,  the  rate  would  not  have  increased 
at  lower  temperatures.  The  Jiquid-phase  concentration  barrier  is  known  to 
retard  the  rate  of  solution  in  numerous  liquids,  and  it  is  unlikely  that 
is  an  exception  in  this  case. 

The  technique  followed  in  these  experiments  was  intended  to  assess  the 
rate  of  solution  with  practical  applications  in  mind.  However,  the  results  do 
not  substantiate  quantitatively  a  full  theoretical  application  of  solution  rate. 

An  actual  tank  containing  much  larger  quantities  of  N-,  and  would 

present  a  slower  pressure  decay,  but  the  presence  of  larger  degrees  of 
convection  in  the  liquid  and  gaseous  phases  and  the  temperature  gradients, 
as  well  as  mechanical  disturbances,  would  accelerate  the  pressure  decay. 
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